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optical turbulence sensor was’used to

analog optical anemometer measurements

during the July 1979 AS~T experiment. This system provided useful

information regarding the Uniformity of optical turbulence usd ~ the
.

optical anemometer to derive cross-path wind speeds. Wind speeds derived

frok digital analysis of the photodiode-array intensities also provided

an independent measure of the cross-path wind speed. Close agreement was

found between these two measures of the wind. The optical turbulence

along the 625 meter light path was found to be predictably uniform when
.

averaged over a 10 minute time period at night during drainage wind

conditions. At sunrise one side of the valley was heated first and a

nonuniform optical turbulence pattern resulted.

Wl!hiswork was perfcWm@l under the auspices of the U. S. Departm&t
Energy by the Lawrence Livermore National Laboratory under contract
W-7405-Eng-48.
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INTROOUCTION

The two companion papers to this addendum paper describe results

using a laser ‘space-averagingoptical anemometer during the July, 1979

ASCOT experiment in the complex terrain Geyserns region.
1,2

Since this

ins&hent &pends oq s“p&ial uriiformityO* optical turbulence to
#

represent a specially av@raged wind and index of refraction structure
●

parameter Cn, it is important to understand when and over what

averaging times this assumption is valid in Complex .terrain. To

a simultaneous measurement of optical turbulence along a closely

do this,

parallel

path was made using a digital photod@de-array incoherent light system

fr~ selected periods during the drainage wind .experimentalperiod.

Lawrence and Strohbehn3 have shown how the correlation function for

irradiance fluctuations can be used to derive information regarding the
.,

uniformity of optical turbulence.along a light path. This function along,.

with an independent measurement of the cross-path wind speed was

determined,from the digitized.signals on the photodiode-array elements.

This digital technique has several advantages over analog wind systems in

that many different analysis techniques can be used on the same set of

data.,,,A relative disadvantage is that sincg each scan,represented two

seconds of data digitized at 500 Hz, for’16 separate channels, 80 floppy

disks are require@ to,store 8 hours of 1 minu~ data. However, for short

intensive experiment periods I.ikethe Geyser’s study, the results showed

the two systems complimented each other quite well.

The results of this comparison showed the following information

regardinguniformity of optical turbulence and wind speeds during

drainage and morning upslope winds across Anderson Creek:
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The

,,
During drainage conditions the irradiance correlation function

showed a normal but variable decrease with cell separation

associated with random inhomogeneities in optical turbulence

over a two second time period.

Ten minute averaging of 10 two second samples removed almost

all this variability.

H-ever, after sunrise the receiver side of the light path was

preferentially heated and the correlation functiti showed a

sudden change (a faster dropoff with cell separation).

Wind speeds derived by both the analog laser and incoherent

digital systems compared well (within 0.8 m/s) during the whole

peri&l even though the spatial filtering for the two systems

causes each to have a somewhat different wind weighting

function along the path. ‘

cxxnbinationof the digital and analog “systemsalluwed ten days

of continuous wind and optical turbulence“datafrom the analog system

with periodic intensive documentation of the optical turbulence from the

digital system.

RESULTS

The experimental set-up and results frcxnthe analog laser cross-wind

anemometer has been described in the two dompania papers from the

Gettysburg =T meeting. Figure 1 shows the experimental arrangement

for the digital photodiode-array optical turbulence system. The light

path was parallel to the laser system (separated by about 1.5 meters)

over t+e same 625 meter path

cm mirror with a small white

length. The transmitter consisted of a 15

light source at the focus. The existing

●
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lighk beam size was ~topped down to a diameter of,11.5 cm. The receiving

optics consisted of a 30.5 cm reflecting telescope with a transfer lens,

cylindrical lens and a linear 16 element photodiode-array inside the

effective focus of the telescope. The photodiode-array was aligned so

that the center half of the focused light illuminated all 16 cells. This #

was done to limit diffractia effects and small nonlinearities in th”e

photoce11

effective

effects.

b

responses. .The cylindrical lens was used to expand the

~rtical extent of the cells to limit partial coherence

The photodiode-array was clocked at 500 Hz and the analog

sigtil from each cell was digitized for 1024 scans (about 2 seconds).

These signals’were then sampled by a microcomputer and stored on floppy

disk,media. These data were then analyzed after the experiment. Data

were taken at selected periods during each of the 5 nighttime drainage
;

intensive experiment periods. In this paper, we will only describe the

results from the data taken on 19 July 1979. Alig&ent problems on

subsequent nights made much of this later data suspect. Also, this WaS

the per$od chosen for comparison of acoustic and optical turbulence in

one of the companion papers.

The theory of how optical turbulence

averaged cross-wind speeds have been well

is used to derive specially

described by others.4’5 The

following assumptions about the statistical properties of the optical and

atmospheric turbulence are necessary for the derived wind speed to be

correct and represent a spatial average with a weighting fun@ion peaked

at the center of the path and smoothly decaying the zero at each end:
,.

1. The absence of optical turbulence saturation effects (this

~ndition was met throughout the experiment).

km
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2. Kolmogorov inertial subrange atmospheric turbulence statistics
,.

for the scales of turbulence affecting the optical measurements
/

(i.e., scales greater

meters).

3. Homogeneous isotropic

of the path (Gaussian

f ,.

than 20 millimeters and less than 15

optical turbulence along symetric parts

log amplitude fluctuations and therefore

log-normal intensity fluctuations afe also assumed).

It is this third assumption which is the most difficult to justify in

complex terrain even over synsnetricallyvarying topography. Lawrence and

Strohbehn3 have shown how the irradiance correla~ion function can be

used to demonstrate:non-symmetricaloptical turbulence along a light

path. The principal application of the ~igital-photodiode array system

was to monitor this function.

Figure 2 shows two examples of the irradiaqce correlation function

on the morning of July 19. These two samples were chosen to show the

effect of nonuniform heating of the rising sun on the receiver side of

the optical path at 0635 PST when compared to a typical correlation

function during the drainage wind night (0423 PST). The values for the

cell separations shown in Figure 2 represent the effective size of the

distance between cells through the telescope optical system. For a point

light source and point receivers, the correlation function should reach

zero before one Fresnel zone4 (%2cm). However, the extended light

source size and detector size has the effect of extending the significant

correlation sizes to larger values so that the function at 0423 PST

represents the more synmetric optical turbulence distributim of the two

situations shown in Figure 2. A parameter r= is defined to be that

value of cell separation at which the correlaticm drops to 33%. This
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parameter is used & shcnvh- the irradi’antecorrelation function varied
,,

throughout the‘night”and nmrning. Figure 3 plots r= versus time again
,.. ,,

for 19 July 1979. The dots represent individual 2 second samples and the

open circles and line represent 10 minute averages. This figure shows ~

that over a 10 minute average most of the inhomogeneity of the path
,. *

averaged optical turbulence is smoothed out. Figure 3 also shows the

rapid change in’r= after the sun began preferentially heating the

reoeiver side of the optioal path (about 0530 PST) and return to a more

synmetric pattern after about 0730 PST. Figure 4 shows these two periods

designated on plots of acoustic sounder return strength (function of CT

the temperature structure parameter) and the standard deviatia of the -

log intensity of the laser U1 (functionof ~ the index of refraction

structure parameter). This figure shows that though the rising sun
,“

disrupts the horizontal optical turbulence ho&geneity it stabilizes the
,,.. ‘...

vertical temperature differences decreasing optical and acousti~

turbulence.

The digital photodicde-array system was also used to provide an

independent measure of the cross-path wind speed. BY summing the left

and right halves of the array independently, the correlation function can

be used to interpret the

extended imoherent wi’nd

correlation at zero time

function using a lasar.6

wind speed. The weighting function for an

speed determination from the slope of the

lag is more peaked than the analogous weighting

Therefore, a strong relationship between the @

tti techniques is another indication that the weighting function is
t.

symnetric in complex terrain when a proper averaging time is chosen.

Figure 5 shows a scatter plot with 10 and 30 pinute averaging times

between the two techniques. The rising sun generated the eastward slops

.



-7-

winds (shown as negative values) and there is somewhat more scatter in

these results than the westward drainage wind region “(positivewind

speeds). The transition between drainage and upslope
,, ,,

different times at the two ends of the path. This is

Table 1 shows a 10 minute average time history of the

wind occurred at

shown in Table 1.

parameters

describing cross path wind speed and optical turbulence. It is

interesting to note that the transition from downslope to upslope wind

occurs simultaneously measured with the *O optical anemometer systems.

This transition is between the time this 180° wind direction change
,,

occurred cm the heated side of the path (Aminoil pipeyard) and the

shadowed side (Thorn 7). The optical turbulence parameters anticipate

this transition.

Our future plans include calibrating thephotodiode-array system on

an anemometer test range. This will alluw us to include other properties

of the correlation f~ction such as the width of the peak, what frequency

separation balances the functions, the time delay to maximum, the special

filter spectral peak and the optical turbulence parameters U1 and rc

in the wind speed and weighting functia determination. This system will

be used again in the September 1980 A!XXITGeyserts area experiment, and

results will be compared with 7

The irr@iance correlation;.

with a digital photodiod+-array

averaged optiti?lturbulence was

other optical

CONCLUSIONS,’

anemuneter measurements.

function and the wind speed determined
,,,’

optical sys,tem,indicatesthat the path

synsnetricfor the particular optical path

used in the July 1979 ASCOT experiment when time averages greater than 10

minutes are used. During the morning, and presumably in the evening, the

optical turbulence predominates on the heated side of the light path
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making-the wind weighting function asysmnetr$c. A comparison of
.,!.

cross-wind measurements in the morning show that the transition from
,,

downslopa drainsge winds ,to upslopa winds occurred first on the heated

sida of the optical path, then on the two optical anemometer readings and

finally 30 minutes later on the shadowed si& of.the path as the sun
,,

began to heat it.

The authors would like to thank D. Garka and K. Lsmsm who helped

with the data taking, T. GallWay snd J. Waidl who helped prepare the
,,.

instrument and

,. ,,

1P. Gudiksen and M. Dickersm for their support.
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FIqmH CAPTIONS. ,

Pig. 1 Block,diagram of phototliode-arraywi~,.

system.

and optical turbulence

Pig, 2 Plots of ~~i@ frradisnce Correlatiafunctias for nighttime

dra$nage (0~23 PST) and after sunrise (0635 PST) versus

equivalent cell separation for 2 seconds of optioal turbulence

.data sampled at 500 Hz.

Fig ● 3 Plot of the time history of the correlation distance parameter

r= (distancecorrelation goes below 33%) during the morning
,.

I

of 19 July 1979* ‘

Fig. 4 Nighttime drainage (rG % 2.25 cm) andheated slope
,,’

inh~eneity of optical turbulence (r= N 1.25 cm) periods
,E.

,~epara.tedfrom plots of ~tical turbulence parameter ul and
,,, . .

acoustic turbulence (as a function of CT) versus time,for the

moqning of 19 July 1979.“,‘

Fig. 5 Scatter plot of cross-path wind,speeds determined using digital

photodiode-array incoherent light system versus wind speeds

determined from analog laser system for 10 and 30 minute

aVeraging times.
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